We evaluated the viability of Sclerotium cepivorum Berk. (causal agent of of garlic and onion white rot) mycelial and sclerotial fragments transported through excreta of Rhizoglyphus robustus Nesbitt fed on S. cepivorum. Excreta were obtained from mites fed on 1) mature, hydrated and fragmented sclerotia (mhfS); 2) mature, dehydrated and fragmented sclerotia (mdhfS); 3) whole mature sclerotia (wmS); 4) mycelium (M) and 5) potato dextrose agar culture media (PDA). After feeding, mite excreta were examined under compound and scanning electron microscopes for the presence of mycelial and sclerotial fragments. S. cepivorum mycelium growth and sclerotia formation were observed in three out of 60 excreta pellets from mites fed on M and mhfS and only in one excreta pellet out of 60 from mites fed on mature, dehydrated and fragmented sclerotia (mdhfS). Numerous fragments of mycelia and sclerotia on the mites' bodies, mainly on the sense organs of the ambulacral appendages and the mouthparts were identified by compound and scanning electron microscope observations. R. robustus may also influence white rot epidemiology as a consumer of S. cepivorum and spread and/or transmit the pathogen by carrying fungal fragments on its body externally.
INTRODUCTION
Onion and garlic white rot induced by Sclerotium cepivorum Berk. causes important economical losses in the production areas of these vegetables throughout the world (Maude, 1990) . In Mexico, disease incidences up to 100% have been reported in the state of Guanajuato, a top producer of these vegetables (Pérez-Moreno et al., 1995) . In addition, the mite Rhizoglyphus robustus Nesbitt has been shown to cause losses of 70% in garlic fields and 30 to 80% in stored garlic (Cárcamo, 1986) . Frequently garlic bulbs infected with S. cepivorum are also colonized by large populations of mites (unpublished data).
Possible roles of insects, mites and collembolans in spreading phytopathogenic microorganisms should be taken into account in plant disease management. Some studies have emphasized the importance of these arthropods as vectors of fungal pathogens, either internally or externally (Michailides and Spotts, 1990; Fermaud and Le Menn, 1992; Kemp et al., 1996; Louis et al., 1996; Hed et al., 1999) . Several pest mite species of gladiola, tulip, garlic and onion bulbs, narcissus and Madonna lily runners and rhizomes and potato tubers are associated with bacterial and fungal rot (Poe et al., 1979; Ascerno et al., 1983; Bonilla et al., 1990; Sánchez, 1992) . Mites feed on plant tissue and fungi and there is evidence that fungal propagules remain viable after passing through the mite digestive tract (Price, 1976; Shew and Beute, 1976; Daneshvar et al., 1977) .
Because of the economic importance of S. cepivorum in Mexico and the fact that R. robustus has been found associated with garlic bulbs, we evaluated whether propagules of S. cepivorum in the excreta of these mites, feeding on mycelium and sclerotia of the fungus, remained viable and if such propagules could be physically transported on Appl. Entomol. Zool. 37 (4): 663-669 (2002) 
MATERIALS AND METHODS
S. cepivorum production. S. cepivorum was obtained from sclerotia in soil collected from the garlic producing region of Salamanca, Guanajuato, Mexico. Extraction was carried out by the flotation method described by Utkhede and Rahe (1979) . Sclerotia were cultivated in Petri dishes containing onion extract-dextrose-agar at 19°C (Sánchez, 1998) . To produce large quantities of sclerotia, mycelial discs were transferred to Erlenmeyer flasks containing barley seeds (Hordeum vulgare), sterilized at 121°C and 15 lb pressure and then incubated at 23Ϯ4°C for 30 d (Van Der Meer et al., 1983) .
Maintenance of the R. robustus colony. The mite colony was provided by María del Carmen Sánchez Gálvez (Parasitology Department, Autonomous University of Chapingo). Mites originated from garlic samples collected in Apaseo el Grande, Guanajuato, México and were maintained on germinated garlic cloves, previously disinfested with 1% NaOCl. Disinfested garlic cloves were germinated on filter paper in sterile Petri dishes in the dark in an incubator at 20 to 25°C at 80-90% R.H. Once the garlic germinated, it was infested with mites.
Viability tests for hyphal and sclerotial fragments of S. cepivorum present in R. robustus excreta. Considering that under field conditions propagules of S. cepivorum may consist of mycelial fragments, whole sclerotia or fragments of sclerotia, and also that sclerotia may be hydrated or dehydrated; various feeding regimens were tested in order to determine if the excreta from R. robustus contain viable propagules of S. cepivorum. Mites were fed on: 1) mature, hydrated and fragmented sclerotia (mhfS); 2) mature, dehydrated and fragmented sclerotia (mdhfS); 3) whole mature sclerotia (wmS); 4) mycelia (M); and 5) PDA culture medium as a control (C). Each treatment consisted of three Petri dishes with 25 mites. Mites were submitted to a 24-h fasting period prior to beginning the experiment, during which they were maintained with sterile distilled water (Price, 1976; Sánchez, 1992) . Following a fasting period, mites were subjected to four washes in the following order 1) sterile distilled water, 2) 1% NaOCl, 3) sterile distilled water, 4) antibiotic (5% chloramphenicol). Each wash was performed for 5 min with 5 ml of each solution to eliminate fragments of feeding matter and any microorganisms (bacteria) present on the mites' bodies, which might interfere with the results. A 1:1,000 dilution of Tween 20 was added to the wash to break surface tension and facilitate washing.
Following washing, mites were dried at room temperature in sterile paper towels and 25 mites were transferred to each of the Petri dishes (3 cm diameter) to be fed according to the treatments listed above. Before placing mites, sclerotia and sclerotial fragments in the dishes, filter paper sterilized at 121°C and 15 lb pressure, dried in an oven was placed in each Petri dish and 5 ml sterile deionized water was then added to keep the specimens from dehydrating for the mhfS, mdhfS and wmS treatments. This treatment was unnecessary for the M and C treatments, because the dishes contained PDA.
Mites were fed in the Petri dishes according to each regimen for 24 h in total darkness at room temperature (24Ϯ5°C). Following the feeding period, mites were submitted to a triple washing with sterile distilled water. For the third wash they were kept in sterile distilled water for 30 min, during which each mite deposited one to three excreta pellets. The excreta pellets were subjected to two further washes with sterile distilled water and transferred individually with a sterile needle to Petri dishes (3 cm diameter) containing onion extractdextrose-agar. To avoid growth of contaminating bacteria, lactic acid and streptomycin were added to 5%. Petri dishes were incubated at 19Ϯ1°C until mycelial growth and sclerotia formation were observed. When mycelial growth was not evident the dishes were kept until the agar was completely dry.
Thirty Petri dishes, each containing a single excretal pellet, were seeded for each treatment. The number of dishes in which S. cepivorum developed was registered. The entire assay was performed twice.
Microscopic observations of mites and excreta pellets. Slides were prepared to observe mites and excreta pellets under the compound microscope in order to determine whether mycelial and sclerotial fragments were present. Fifteen to 20 mites were observed using the scanning electron microscope. Following the feeding regimen mites were prepared by anesthetizing them in vials, each containing a cotton ball impregnated with ethyl acetate, freezing in liquid nitrogen and lyophilizing for 24 h (LAB-CONCO Free Zone ® Model 77500 lyophilizer). Lyophilized mites were mounted using carbon conducting adhesive tape, covered with gold palladium in a Jeol JFC-1100 ionizer and examined under the scanning electron microscope, Jeol JSM-35C, operated at 15 kV for photographing (Fermaud and Le Menn, 1992; Louis et al., 1996) .
RESULTS
The 24-h fasting period to which the mites were subjected was sufficient to induce them to consume S. cepivoru. When the mites were exposed to the fungus, they immediately began to ingest M and mhfS. Mites in Petri dishes containing young S. cepivorum mycelium fed voraciously for the first 4 h as a result of the fasting period. Twenty-four hours later the rate of feeding decreased. The mites preferred young mycelia as compared to mycelia in the initial phase of sclerotia formation, which they consumed at a slower rate. Mites rarely fed on whole sclerotia due to their large size and tough texture, and if they did, only on the surface cortex (wmS, Fig. 1b) ). However, mites fed voraciously on hydrated sclerotia fragments (mhfS, Fig. 1c) ).
It was relatively easy to differentiate the excreta of mites fed on the fungus in the different treatments. Excreta from the Mycelia regimen were greenish and from the sclerotia regimen black with small sclerotic fragments. Excrement from mites fed with PDA media were transparent. The translucent body of the mites allowed clear visualization of excreta forming within. A delicate membrane that covers the excrement allowed for easy handling and kept them intact.
In the first assay only excreta defecated by mites fed on M and mhfS produced fungal mycelia growth which later formed sclerotia (Fig 1g) ); in both treatments there were three out of 30 excreta tested. In assay 2, only one out of the 30 excretions for the mdhfS treatment developed mycelia and sclerotia (Table 1) . No differences were found between excreta from mites fed on mycelia or fragmented sclerotia regimes. In some of the dishes containing excrements from which S. cepivorum developed, bacterial growth was at first observed (even when lactic acid and antibiotic had been added to the media) and 5 d later, fungal growth was observed as a cottony growth that finally formed sclerotia. Most dishes had neither bacterial nor fungal growth.
Sclerotial fragments were detected in excretal pellets and on mites from the mhfS, mdhfS and wmS treatments using the 100ϫ amplification of a compound microscope (Fig. 1e), f) ), whereas no hyfal fragments were observed in excreta of mites fed on mycelia. However, a large number of hyphae were easily seen on the mites' bodies. Mites from the different regimens observed at 40ϫ amplification using upper-lighting had a large number of mycelium and sclerotial fragments adhering to their legs, mouthparts and other parts of their bodies. The scanning electron microscope showed that the mites had abundant mycelial and sclerotial fragments between the leg coxae and adhering to the rest of the body (Fig. 1d) and Fig. 2a ), c), d)). Mycelial fragments were abundant on the sensory setae of the legs, and on the chelicerae and pedipalps. When mites were exposed to young mycelia in Petri dishes, fewer hyphae adhered to the ambulacral appendages since initial fungal growth forms a very thin mycelial layer. In contrast, in dishes with fungi initiating sclerotial formation with a thick hyphal layer already formed, mites moving through the hyphal conglomerations (primordial sclerotia), carried a greater amount of mycelial fragments adhered to their bodies. Fig. 1 . a) R. robustus teethed chelicera (-). b) A mite attempting to feed on whole sclerotia (-). c) A mite feeding on sclerotial fragments. d) Sclerotial fragment (-) between legs I and II seen under a scanning electron microscope. e) Sclerotial fragments between legs I and II, seen under a compound microscope (100ϫ) (-). f) R. robustus excreta pellet with abundant sclerotial fragments (-) (100ϫ). g) Sclerotia growth and formation from excreta pellet of R. robustus fed on S. cepivorum. 
DISCUSSION
The mycelial development and formation of sclerotia of S. cepivorum in some mite excreta suggests that both mycelial and sclerotial fragments maintain their viabilities following passage through the digestive tract of the mite (Table 1) . These results differ from the 50% germination observed from sclerotia extracted from sheep and goat fecal matters reported by Mikhail et al. (1974) . Their results indicated that sclerotia were able to maintain viability and pathogenicity following passage through ruminant digestive tracts. It is possible that the whole sclerotia protect the hyphae internally, while the hyphae in the sclerotial fragments are completely exposed to the mite digestive enzymes. Therefore, fragment viability is reduced.
In the present study we wanted to know if the S. cepivorum propagules ingested by the mites were able to initiate growth inside the excreta pellet, although propagules were not liberated through homogenization as reported by Okabe (1999) . The viability of S. cepivorum propagules in mite excreta may influence the increase of white rot in the field when mites are present in high populations. Besides, R. robustus might spread S. cepivorum through transport of mycelial and sclerotial fragments adhering to their bodies. Mites have powerful masticating chelicerae capable of chopping the fungal mycelium and sclerotia as well as forming rivets in plant roots during all developmental stages. Mites may participate in fungal epidemiology by creating ports of entry for the pathogen and by accumulating inoculum at infection sites, provided the transported propagules remain viable; or they could actually reduce the quantity of S. cepivorum inoculum by consuming large amounts of mycelium in the absence of other food sources. This was seen when fasted R. robustus placed on young mycelia began to consume the fungus avidly after being placed in contact with the food source. However, it has not been shown whether or not mites prefer eating S. cepivorum fungus in the presence of garlic or onion.
The results indicate the potential of R. robustus to influence white rot epidemiology since as a consumer of S. cepivorum, it could spread and/or transmit the pathogen.
